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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide manufacturing 
procedures in which an MEMS device, to be described in 
detail, a band-pass filter resonator is constructed by a 
method which is compatible with existing treatment of an 
integrated circuit. 

SOLUTION: A final device is constructed of single- 
crystal silicon, and a mechanical problem which is related 
to the use of polycrystalline silicon or amorphous silicon 
is excluded. A final MEMS device is situated in a part 
lower than the surface of silicon, it does not comprise a 
protruding structure, and an integrated circuit can be 
treated further. The MEMS device has a size which 
approximates that of an SRAM cell, and it can be built 
easily into an existing integrated-circuit chip. The natural 
frequency of the device can be changed in post- 
treatment, or it can be controlled electronically by using 
a voltage and a current, which are compatible with the 
integrated circuit. 
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20 O^fflSi-^o ^t^(7)g6^±. mmi^D =^>S2 0 2<D 
m^i)*-^^2 0 0 nm. i Oo/f 2 1 2(Dm^i>'-^^ 
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^ V.xnhii^^m^^^y ^ ;^37^g(7)SiZ^^^«g 

2 2 4 ^?FJj7jc-r6o ^sJ^i/^TEi 1 1 fwT^-r J: 0 \z-^\^^y 
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iX\ZX'oX^^mx^y^>^\^t:i'K2 3 3 (D^m^i^ 
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[0 0 2 8] :^mmm^z^^m\^fz,^mm(Dj^.m^cxix 
mm(7)mm^iimLx. m:ti-£m4'~^m7m3^x 

mm^mm-r^ztfi'-x^ iii4<o^M^^®itigi 

1 0 (7)$^itt>f^ i:x^b5^'^. 5fet7)IlI9 joJ:t>'l^ 1 Okz"^ 
Lfc y ^ -^AlSP^^i^^^ir^-r. El 1 Sioctt/m 1 6 ic 

^ufc y -^^'^/i — • :rL>y^>^^xxj^^m^MWcn\> 

30 >£^mfl^^Z tn^nht^X^^o Z(Dm^. m^^^i:^% 
h 1 1 7(1. mM^o^/^ir'oO^^fi^i^ffl LX 

^ r i:t;iJ:oX^g^^^x^o 

[0 0 2 9 ] ^ h\z9t\Z'>i^-<tLti6K) . il6(7)MEMS 
^M^i^B 1 2 Ofi-^ai — >'>^ffi.^^?T(::M»U. 5fe(- 
U^c7'p-t;^fcS-:5^^Xl^^^4xrc¥SS'>y ^> 
O eSc.fr X 5 o 
[0 0 3 0] $ ^{C5fe{cii!!-^fc<^:fc^^9 s *0>^*S#t::^«c 

1 \zm\^x9t\zmn\.ti\><Dtmc'^:^p ^\^m x^xn 

m^^Ztfi-X^. m \ 2\Z7r-l.fz.^^^m'&.X':f^^:^ 

K^m,m\.x^m^<ow\^'&w^^ 2r><D:}5m. -rt^fy^ 
(1) iin(D^&i^it^'^^^^s i^ftit (2) «-l5f<D 
\^^'^^m'y^^^it^^^z t^zx^xm^-r^z 

sbis^iEai'r^— jft^ii^ ^iD^^^wm\zX'ox:^^M 

m^\zm^72<^iX^P. M. ^ — >^ (Morse) W TVibra 
5i? tion and SoundJ , McGrawHill Book Co.. NewYork (19 
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48) (Om^^tWiA^ rihe Vibration of BarsJ T^JI^ 

m^ixx^^. w^fiT^ (1) <DXo\^^m:^nho 
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Y 



(1) 



[0 0 3 1 ] ±5tT-K(i^|^. Tfi^(7)Ji:^. L (l^'CO 

W5H^f O S S ^ IS IS fi-JiS) S ^ fST ^ ^ . 

3) B. As. P/^^'oDgj^M K-^^> hJf^.T-^li/y 

[0 0 3 2 ] *M^(?^l?$^»<i-^r irfCctoT^ig 

[ 0 0 3 3 ] *Jg^(r)if:$>Srff < -t-e^r .h(:iJ:oT*Ji 

§3(D^^(Dt«[{c^7a:. — ^N±(cv^y e^?^^'>•v>'^ 
^:^ $ ^-5 c ^ d i: o T^tfg-r 5 C <b 5o 

[0 0 3 4] ^u^mm±.K\^ht-(oi^Pc^nm^^. 

[ 0 0 3 5] li^ffltc J:oTf^^«c:7 ^ /i- 5^ Oitil^ii^^-I-^' 

^/i.:7T^ • '>y ='>^{w^jft-t--5C<!:JcJ:oTii:;^$^ 

[0 0 3 61 t;!i^t5fetca!'-<fcJ: c^T^J: -9 /<^WJH4 

»J»(0 t>-r ^t:: <): o T ^J«iii@ ^ /t tf 5, 
[0 0 3 7] 

J; o T CO PM^ $ -5 ^ 0^ (t:) j@ ^ ^3 J: t>*«iS ^ 



#5 w <i:^^ll#{iS^U J: 9o 

[0 0 3 81 *^i^<hUT. .:z^^0>^6O«^(CP^LT:l^T 

[0039] (l)i/y:3>-:?h>-'Y>-i/^U— 5^ 
(SOI) SS±t-ff^efe^:ixfc*ni^fB'>y =^ V(7)mSlHl 

a) tfifES1S±tc^Di>-y =1 >jiioJ;t>*S i 02<^^F^ 

b) HfIlE^Eg^c^3^/^rs 1 (0-ex-;?^«^rf^jt. s^ie 

c) BlJlEM 1 <7:)»««itiC^l£-r5®«^««3oTff^;^5c 

$n-5*^^i^B(?5^fe^^i-5m2<7)-^;^^m«c^tfr 
iS^DiB(^*3i^rMtt. H»IE*«^^S$B(c^i$;-r€)S2 

2/i^*3j:t/^:*t^y<^^!xi^fc-^tt^*ng^-reMfEi/y 

>^^®S^'<7)^i:joJ:t>*^2<7:)i^y^y /^^^t/^cW 

xmt^mmi^') ^lym^r-fo^^^^^y^^^^x^xm^^?^ 

g) B(rfSmiib^ctt/m2(^H^y:iiy TICjg^^ijXTt^^X 

(2) tfilBSIS + C:^ 1 ^T^^m/l^ft^'t^^l^Pgb) 
^:i->^Aa&^Mte-r5iSPg<^^tf. ±fE (1) t^fS 

(3) ffiri5m2<75-^;^iI^tgigc^M*t6tfri2I^Pgc ) 

m\if^^m^^ts. ±is (1) (cis^<7):^feo 

5^7 (4) tfllS*ti^1t5gtC*MC-r€)^2(?52limJl^t«Jf5^ 
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mm-r^^m^-^t^. ±15 (d \cmMi^:^mo (5) 

^Ff^ttetfrlSl^pgb) ~d) 7!i5:7;t h y y ^^:7^^?fe 
±fE (1) K^^m.(D:^mo 

(6) H5l5*M^i^M(7)^«ciii§j^K^4^i4^^5E"r6 

bi^c^ts^. JilE (1) (cf5gc(7:):^?io 

(7) mm^m^mm^if^f^-^^mttm2(Dmmm^^(D 

tp. ±IE (6) 

(8) mfs**i^i^B^?^^-r€>sfrf5ii2<o»m«5t<^ 

tf. ±15 (6) tcf5«<?D:^?£o 

(9) mtdm2cr)mmmm(D^^'^^mm^m\:^'^x 
(6) \zt^m(D:fjm. 

(1 0) RfriE^ST-^Bt7:»ff $^?^< HfriB^M^^ 
(1) {ct^Mi(7)J7i[^o 

(1 1) ^tif^^m^mm(Dm^^m< ttris^MT-^ 

M O ^ ISilii /il »it#'l4 ^ ;g < -r -5 /c i6 :ii ^ ^ v- ^ 
IB (1) {cfB«c(7):^f£, 

(1 2) mm^mi'mm(Dm^^m< mie^ji^^ 
^^5g|5g^Se>(;i^tf. ±iE (1) tcfE«cco:^fe. 
^JlffiSl^pg^^fri-^ISPg^^ btc-^ti^. ±12 (1) 

(14) t«f2^«lEl8S**i^i^S<75^i|lcili@^K?ft#t4 
%ts. ±IE (1) fc|E«<o;^&o 

(15) a) ^(^±(cff$^^nAc±^>^M'>y ^t^Jiib^ 

c) tfrlEC/y =^ >^S^(w?f^^$ix. HfrlEA;^:=^>^:^ 

d) fifS^ffii^y ='>Jitc:^3^/^T?F^^S:}^s tftlE'^^/V' 
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{c-t-^/c*^. A;^m-^j6^HtJfB/iE®«mii7!>^6mIfS^Jt^ 

(16) ttriE^M^mit/i^ ftififir^v^/c'^^/^^ti^cT:)- 

bt^ifejfe^ita^ 1 o#m=^ >:5?>^ h^^tr. ±IS 
(14) tcf5«c(^^go 

(17) ffJlE^jl^mit^^ m[ferf§l^/'c:'>a:/u«it'7:);^ 
ib^ ^ ^ $ 5 /c m m 6^ $iJi^(^:' ^ A ^ ^ (ci- e 

10 m2<Dmm=^>'^ ^ h^-^u. ±15 (15) {cisttoss 

So 

(18) MfS^M^Itig^^ ^i§!cili@iSljaiS^^Mi-5 

tsi!^/^--:^f)^^mn^tircim(D^n^^t^. ±15 (1 
5) (ciBsto^e, 

(19) a ) ^(7:)±{wJF^^^4x;^c±a^^®'>y =^ 

c) A:/jm^m-^^SttSi^/ci6{CBtJiEMi/^/c!^x./v« 

h.5iS^5^(?:)^< tj'mriB'^ :c/^1?lit<^^^oX^i®i- 
(2 0) Mfe*M^lgit;^^ BiriE^i-^/c'?^/Htit<?5- 
x^h^^^m-^^^y^Komm^^-^ ^ h^^tf. ±15 

(18) (Cf5«c(^i^®o 

(2 1) t^Ii^^v^fc^>^/^^^it(7:);K 

ftIS ^ ^ $ ii: 6 ^ *I> om^«j $'J«<^? a A ^ ^ 
m2<7)*m=3>:5^^ h^^ti^. ±15 (1 9) tCf5«C0S^ 

-40 (2 2) MIB*S^«it;J»^ ^^iSiiiSi^KIS^Sr^Mi-a 
tf^/^-:7^;!)^^bJl^R$nfcl StcD^t^sf^-^tf, ±fE (1 

9) {z^tm,<ommo 

(23) ->y3>.7i->--f:^ix^u-:5' (SOI) S 
a) ^i5S:ffi±{c±ai^®'>y ^i^/iiojio^'s i 02<75 

50 «c^Mf5^®etC:^o^/^T^^t, tfri5^M^3^B«^*tJS?i- 
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c) mt^^m'rmm:^ifm't^mt^mmmm<Dmi<7)=^ 

d) ti\^mi^xv^m2(D^':f:^vr{z^^,'f^mt^mm 

(2 4) MfS^ti^lSBtT^^igciliai^iSISWtt^^K-r 

(2 5) mm^M^mm^mfA'r^mmm2(Dmmmm 

t^. ±fS (2 4) {CfEtc(^:^^. 
(2 6) WfE^Jg^y^H^?i^^'reMI5^2(D*mi»3t 

tf. ±15 (2 4) (CfESt<^:^&o 

(2 7) Bfii5m2(7)5gm«it(7:)f^a^'a'1tit^^fb:$ii' 

(C^;?I->aAftfe^^^S-r6l^|5g^$ 6tw^tf. ±15 
(2 3) (C|5«c<75;^fe, 

(2 8) mrf5*ti^^®(7:)i?$^«< L. tfrf5*ii^i^ 

:^y^>^um^mm-rh^m^$h{z^ts^. ±15 (2 

3) (c|5«c<?):^^o 

(2 9) Bfii5*M^^®(75)?$^ii:< L. tnt^^M't-m 

15 (2 3) {Ci5«c^0:^^o 

(3 0) Hfri5*}iT-i^g<7)jf:$^i?< L. tfji5#^MT-i^ 

S^eSPgS:^ ±15 (2 3) {Cf5«^(D:ferj^, 

(3 1) mtdmmmds^m^mmiz^m<D^^mit^xx/ 
^mmmmm^mn-t^^m^^hic'^u. ±15 (2 

3) {cf5«c<7);^^feo 

(3 2) H(rl5^S[lH]SS*®^=-^B<^^«ciiigJ^ffiiS1^tt 
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^tp. ±15 (2 3) {Ci5«cC0:^?£, 

Mf^^nfc;*:|§0^t7:)m 1 <;:)^J£ff^^{wS<5< MEMS^ 

[IDS] wCOf^ Cy^g(7?{B!l®llX*fc€>o 
JO [11141 < f^^Acr>aly^F^(cA:/J=I:^ ^i^7 h^W-r^ J: 

9 fcM{t^ttAc;^MB^o^ 2 c;o^ffiff^«g(cS<5< MEM 
S :7 ^ /P:^ ^ ^ o 

[^6] *S^^7K¥^»J$'^'5A;^ = :^<5'iJ^ 

-5 J: 9 (::^f^^n/c;^^p>^cD^ 3 (7:>mmmm^m<5 < M 
i'^? im9] mm<7:>mm^^^itm-r^^:^i^^^'rmvh 

[HlO] ^B<^M{'^>^nir^ + (7)*PBl«it^^-rigI-e 

[mil] Ssig(7:)^tigB#(cj^ffl-r^-^;^^ ^^i-mx-^ 
[mi 2] mS(^Mi'fy'^'^:^'p<^'pf^w^^^'r\^x 
[mi 3] igfio«^B#tcffiffl-r^-^^^ ^^i^mx-^ 

so [mi 4] ^B<^lSf^:/c2ir:?^=t'<o + rBlPit^^*t"IllX* 

[mis] mm<^mm^itcmm^^-^:^i^ ^^-tmxh 
[mi 6] ^Bc^Mf^>^Dir><.*(D4'ra«5t^^-rmx 
[mi 7] mWiComm^i^itm-r^'^:^^^^-rmx-^ 

[mi 8] ^Bt^iSiftT^c^ir^^^^Si^fi^/^Sit^^-f m 

40 m%m%m\ 

1 0 t$5l$CDMEMS^^:7 ^ /U^'S^fi 

1 1 ^^smt^^ti^t^iit 

1 2 2gS'll:/u-i-A;^Wit 
1 3 =1 >^ ^ h 

1 0 0 fr«?i*tS^=-SiMEM S ^® >^ /U:5^iSfi 

101 ^m.=^ 

102 JiES^Sy^u--t- • =1 iJ' h 

10 3 K-h^^^ ^ V 
10 4 :y K 

50 1 0 5 tU;^^>'5/ K 
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